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Multiphoton intravital microscopy of lymph nodes has revolutionized the study of the early 
events leading to induction of acquired immunity. Using this technique, Junt et al. (2007) 
report in a recent issue of Nature that macrophages of the mouse lymph node subcapsular 
sinus facilitate B cell activation in vivo by collecting and displaying native antigen.Induction of acquired immunity 
requires the coordinated interplay 
between cells of the innate immune 
system and naive lymphocytes, which 
occurs in the supportive environment 
of secondary lymphoid organs. Unlike 
T cells that have processed antigens 
presented to them by dendritic cells, 
naive B cells require antigen in its 
native conformation, preferentially 
in the form of immune complexes. B 
cell maturation also differs from that 
of T cells in that it is likely dictated 
by subsequent interactions of newly 
activated B cells with T cells at the B 
cell-T cell border and not by the ini-tial route of encounter with antigen. 
This apparent elasticity in the form 
of antigen required for B cell activa-
tion is consistent with the existence 
of several potential routes of antigen 
transport and delivery to B cell fol-
licles through which most naive B 
cells circulate. Recent evidence sug-
gests that antigen diffuses passively 
into B cell follicles (Pape et al., 2007). 
This process is likely to be limited to 
small molecules due to the structural 
constraints imposed by the conduit 
system, at least in the absence of 
an adjuvant, such as endotoxin, that 
could enhance permeability of the Cell 131, Novesubcapsular barrier. A second route 
of antigen transport and delivery 
involves the presentation of native 
antigen by dendritic cells positioned 
adjacent to high endothelial venules, 
which have access to newly arrived 
naive B cells (Qi et al., 2006). A third 
route is highlighted by Junt et al. 
(2007) in a recent issue of Nature and 
by two other recent studies (Carrasco 
and Batista, 2007; Phan et al., 2007). 
These papers show that early delivery 
of antigen to B cell follicles involves 
a subset of specialized macrophages 
located at the subcapsular sinus 
(SCS) of lymph nodes (Figure 1).Figure 1. Subcapsular Sinus Macrophages as Antigen-Presenting Cells
(Left panel) Antigen reaches the lymph nodes through afferent lymph that drains into the subcapsular sinus (SCS). SCS macrophages access anti-
gen in the lymph through cellular protrusions into the sinus. From the SCS antigen gains access to the medullary cords of the lymph nodes where it 
encounters medullary macrophages and lymphatic endothelium. SCS macrophages display properties similar to metallophilic macrophages, which 
decorate the edges of B cell follicles in the spleen. Both macrophage populations express high levels of sialoadhesin (CD169+) and bear ligands for 
the cysteine-rich domain of the mannose receptor (CR-L+) but lack mannose receptor expression (MR−) and migrate into the follicles in response 
to endotoxin. Unlike medullary macrophages, F4/80 or MARCO expression is not observed in SCS macrophages by immunohistochemistry in situ, 
suggesting that the SCS macrophages may have reduced phagocytic capacity. (Middle panel) Two new studies (Junt et al., 2007; Phan et al., 2007) 
suggest that native antigen is translocated at the surface of SCS macrophages from macrophage protrusions into the sinus (the “head”) to areas 
of the macrophage in contact with follicular B cells (the “tail”). (Right panel) At the interface between SCS macrophages and follicular B cells there 
is accumulation of native antigen. In the case of a cognate interaction (in which the antigen is recognized by the B cell through the B cell receptor, 
surface IgM), B cells become activated. In the case of a noncognate interaction (in which the antigen is forming immune complexes and is recog-
nized by complement receptors on B cells), then B cells can collect these antigens and transport them into the follicle, facilitating deposition on 
follicular dendritic cells.mber 16, 2007 ©2007 Elsevier Inc. 641
Using multiphoton intravital micros-
copy of mouse lymph nodes, Junt et 
al. (2007) analyzed the distribution of 
inactivated viral particles in draining 
lymph nodes in situ soon after inocu-
lation and detected accumulation of 
the viral particles at the subcapsular 
and medullary regions. In the SCS, 
the particle-bound cells make con-
tact with lymph through protrusions 
that extend into the SCS lumen. The 
authors identified these protrud-
ing cells as macrophages express-
ing sialoadhesin (CD169) (Figure 1). 
Retention of the inactivated viral par-
ticles was independent of the pres-
ence of antibodies and complement 
and was sensitive to local depletion 
of macrophages. The authors identi-
fied the area underneath the SCS as 
the zone where B cells encountered 
viral antigens. Here, viral particles 
could be identified at the interface 
between macrophages and B cells. 
These results are suggestive of 
antigen translocation by the mac-
rophages from the SCS lumen to the 
area underneath the SCS. Antigen 
retention at this location leads to 
accumulation and reduced motility of 
antigen-specific B cells, which then 
internalize and process the antigen 
and migrate to the B cell-T cell border 
in lymph nodes.
In related work, Carrasco and 
Batista (2007) and Phan et al. (2007) 
provide evidence that the contribu-
tion of SCS macrophages to antigen 
delivery to follicles is not limited to 
antigens associated with inactivated 
viral particles. Both groups show 
that SCS macrophages present par-
ticulate antigens and antigen in the 
form of immune complexes to B cells. 
Furthermore, Phan et al. showed that 
through noncognate recognition of 
immune complexes by complement 
receptors 1 and 2, B cells are able to 
transport these complexes through-
out follicles (Figure 1).
The study by Junt et al. supports 
the notion that soluble antigen can 
also reach the follicle because there 
was a general reduction in the motility 
of antigen-specific B cells through-
out the follicle in response to soluble 
virus-derived molecules. Additionally, 
the loss of macrophages did not dis-642 Cell 131, November 16, 2007 ©2007rupt this widespread B cell activation. 
It is also possible that the presence 
of viral molecules or cellular media-
tors associated with virus infection 
(such as interferon α) could have an 
effect on the permeability of the SCS 
similar to that mentioned earlier for 
endotoxin. Nevertheless, the authors 
demonstrate that antigen retention by 
macrophages greatly increased the 
efficacy of B cell activation.
Junt et al. assessed the role of 
lymph node macrophages in the 
control of viral infection and pro-
vide evidence that they restrict the 
virus from spreading, in agreement 
with the detection of degraded viral 
particles within SCS macrophages. 
This raises the question of how SCS 
macrophages have the capacity to 
deal with the same antigen in dif-
ferent ways, that is, internalization 
leading to destruction versus trans-
location. One possibility is that not 
all antigens reach the lymph nodes 
in the same form. Selective opsonic 
recognition by natural IgM antibody, 
complement, mannose binding lec-
tin, or soluble mannose receptor 
could drastically alter the interaction 
between these SCS macrophages 
and incoming material. In addition, 
SCS macrophages have a reduced 
phagocytic capacity compared 
with medullary macrophages of the 
lymph node (Taylor et al., 2005b), 
suggesting that they may have dis-
tinct functions.
Another intriguing feature of SCS 
macrophages that contrasts with 
medullary macrophages is their lack 
of the mannose receptor and their 
expression of sulphated glycopro-
teins that are ligands recognized by 
the cysteine-rich domain of the man-
nose receptor (CR-L). Thus, SCS 
macrophages are CD169+CR-L+MR−, 
whereas medullary macrophages 
are CD169+CR-L−MR+ (Taylor et al., 
2005a, 2005b). Indeed, one of the 
sulphated molecules recognized by 
the mannose receptor in SCS mac-
rophages is CD169 (sialoadhesin) 
itself (Taylor et al., 2005a). Further-
more, it appears that CD169, a sialic-
acid-binding lectin, when expressed 
by SCS macrophages displays car-
bohydrates recognized by other lec- Elsevier Inc.tins expressed by innate immune 
cells (Kumamoto et al., 2004). How 
this feature correlates with the ability 
of SCS macrophages to retain anti-
gen in a naive form and transport it 
across the SCS is not clear.
A role for CR-L on SCS mac-
rophages in B cell function is sup-
ported by several pieces of evi-
dence: the requirement of B cells for 
CR-L expression (Yu et al., 2002), 
the tantalizing relocalization of CR-
L+CD169+ macrophages within the 
follicles upon stimulation with adju-
vants, and the presence of CR-L 
on follicular dendritic cells during 
the germinal center reaction where 
B cells undergo differentiation and 
activation (Taylor et al., 2005a). 
Even though this relocalized popu-
lation of macrophages may also act 
as antigen-transporting cells, their 
slow movement when compared 
to the kinetics of B cell activation 
argues against a role for this popula-
tion in the early activation of B lym-
phocytes. It could be argued that B 
cell behavior upon cognate interac-
tion has been determined in these 
experimental settings using B cells 
bearing high-affinity surface recep-
tors, which might have a lower acti-
vation threshold and could act as an 
antigen sink. Carrasco and Batista 
(2007) detected particulate antigen 
within the follicle and on follicular 
dendritic cells 24 hr after injection 
in the absence of antigen-specific 
transgenic B cells, a time frame 
consistent with a role for relocalized 
SCS macrophages in antigen trans-
port (Taylor et al., 2005a). The ana-
tomical and molecular constraints 
might be greater for B cells that dis-
play a receptor with lower affinity. 
In these circumstances, the unique 
features of relocalized CR-L+CD169+ 
cells and follicular dendritic cells 
might be essential to lower the acti-
vation threshold of nontransgenic 
antigen-specific B cells. Whatever 
the requirements for subsequent 
activation of B cells, the Junt et al. 
work and the two other studies make 
an important contribution to under-
standing how native antigens initially 
access B cell follicles, a process that 
SCS macrophages clearly facilitate.
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are emerging as crucial regulators 
of gene expression at the posttran-
scriptional level. Small RNAs can 
also feed back to the nucleus and 
induce the silencing of gene expres-
sion both at the levels of chromatin 
structure and transcription. Argo-
naute (Ago) proteins are central 
components to these diverse tran-
scriptional and posttranscriptional 
regulatory pathways. These proteins 
bind to small-interfering (si)RNA mol-
ecules and use the sequence of the 
siRNAs to guide them to target RNAs. 
Target RNAs include cytoplasmic 
mRNAs that are silenced by transla-
tional repression or degradation and 
nuclear RNAs such as those that are 
transcribed from centromeric DNA 
repeats. A good example of how 
nuclear RNAs are processed by the 
RNAi machinery occurs in the fission 
yeast Schizosaccharomyces pombe. 
In this organism, the Ago1 subunit of 
RNA-induced initiation of transcrip-
RnA Pol IV Pla
Susanne Till1,2 and Andreas G. Ladur
1EMBL International PhD Programme, Euro
2Gene Expression Unit, Structural & Comp
Germany
*Correspondence: ladurner@embl.de
DOI 10.1016/j.cell.2007.10.044
Small-interfering RNAs regu
transcription, translation, and
El-Shami et al. (2007) show th
DNA methylation—directly as
establishing an intimate molecKumamoto, Y., Higashi, N., Denda-Nagai, K., 
Tsuiji, M., Sato, K., Crocker, P.R., and Irimura, 
T. (2004). J. Biol. Chem. 279, 49274–49280.
Pape, K.A., Catron, D.M., Itano, A.A., and Jen-
kins, M.K. (2007). Immunity 26, 491–502.
Phan, T.G., Grigorova, I., Okada, T., and Cyster, 
J.G. (2007). Nat. Immunol. 8, 992–1000.
Qi, H., Egen, J.G., Huang, A.Y., and Germain, 
R.N. (2006). Science 312, 1672–1676.Cell 131, Nov
tional silencing complexes (RITS) 
recognizes centromeric transcripts 
using siRNA guides and is required 
for the formation and maintenance 
of centromeric heterochromatin, as 
well as for transcriptional repression 
near the centromere. Similarly in 
plants, RNAi-guided Ago pathways 
are required for gene silencing and 
for genomic stability, participating 
in DNA methylation that represses 
parts of the genome including ret-
rotransposons and rDNA repeats.
Repetitive DNA sequences in the 
model plant Arabidopsis thaliana are 
silenced by small RNAs through RNA-
directed DNA methylation, which is 
characterized by the generation of 
24-nucleotide siRNAs and hetero-
chromatin formation. Several stud-
ies implicate DICER-like 3 (DCL3), 
RNA-dependent RNA polymerase 2 
(RDR2), Argonaute 4 (AGO4), and the 
plant-specific RNA polymerase IV (Pol 
IV) in RNA-directed DNA methylation 
(Herr et al., 2005; Kanno et al., 2005). 
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Unlike other RNA polymerases, Pol 
IV exists as a Pol IVa or IVb complex, 
which differ in the largest subunits 
NRPD1a or NRPD1b, respectively. 
Pol IVa/DCL3 and RDR2 are thought 
to play a role in siRNA biogenesis, 
whereas Pol IVb/AGO4 are thought 
to act downstream of Pol IVa/DCL3 
and trigger DNA methylation (Li et 
al., 2006; Pontes et al., 2006). Now, 
reporting in Genes & Development, 
El-Shami et al. (2007) identify a con-
served peptide motif in NRPD1b that 
directly binds to Argonaute 4 (AGO4). 
Their study shows that this physical 
interaction between RNA Pol IV and 
AGO4 is necessary for RNAi-guided 
DNA methylation in vivo. Plants thus 
have evolved an elegant mechanism 
that directly couples an RNA poly-
merase to a key component of the 
RNAi pathway.
To investigate the molecular 
basis for the functional differences 
between Pol IVa and IVb, El-Shami et 
al. examined the protein sequences 
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